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T 1 1 "When changes occur in the nuibpr cf credit hours 

demanded of a teaching 'unit, understanding of the sources of change 
is valgable golicy m^ing, acceptable <jf deteriining sources 

<>£ variance are not intuitively bbvibus^ nor are the limitatichs bf^ 
the siiplest approaches* Sources b£ varimice^ not th.eir causes i^ are^^ 
discussed. Identif icatibh bi a decrease in the prppprtib^ credits 
taken in a college as -the^source of load d^ not explain^ - 

^^jthy less of that coll^ courses are being selected. Hofrever# the 
'""sources of variance can be of great policy interest and can make the 
search for causes more efficient. Often decision makers are unaware 
of the real sources of variation. Planning regarding cqrricular - 
structure and recruiting may take different directibns^ if the nature . 
and relative strength bf the various sburces are clearly understood* 
The mechanistic sburces load change are enrcllientir mean load per^ 
student^ and proportion b£ load t^^en in the unit under stidy*^ Each 
may be analyzed in terms of any student sets for which data are 
available. Equations are given for. such ccmputaticns and an actual ^ 
example .of this method is discussed using data from selected colleges'^ 
at the University of Minnesota, (iu^thcr) 
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When chanps^ occur- in the number of cred.i t hours demanded of a teaching , 
tinlti tiriderstaniding ofithe of change is valuable in pbliey^afcihg. - 

Acceptable (nethbds of detennihi sources of variance ari not intuitively > 
obviGUS, nor are the limitation^ of' the sirr^ 

Sources of vari^ance^ not theif-causess are discussed. Identification 
of a decrease in the proportion of credits takep in a'ebllege as the sotiree^ 
*of load/ decrease will not explain why less of f hat call ege's courses are 
bejng selected. HoWever, the sources of variance can be af great policy 
interest and can make the search for causes more efficient. ^Often decision: - 
-makers afe unaware of the real sources of variation. Planning regarding ^^^^^-^^^^'f^ 
etirricular structure arid/reeruitihg may take different direetibils' if the . 
nature and relative strength of the various sources are clearly understood. 

The mechanistic sources of load change ire enrollment, mean Ibid per 
student, and proportion of load taken in the unit under study. EacK'may be ' 

analyzed in terms of any student sets for which data are available. Equations 

• - . . - ' ^ - .i. : ' 

: are given for sueh ebmpytatibhs and ah a^ual example of this arialytie method 

^ ■ , . • . . ■ ' ■ ■■■ • ' ■ • *• - ^ • .. ■ •. 

• is. discussed. , o ' - 

* . .,■ > ..■ f . . « ■ ■ ■ . 
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The purpose of this .paper is twofold. The first part outlines a method ' 
of analyzing th^ sources of changes over any given period of time in the 
number of credit hours taught By a college or other teaching Unit withiri a 
cdjTijSlex Such analysis may be df eprisid^^^^ assi'stahce ih/ 

policy maJcihg. The second part provides, ah Example of the use of this' analyti 
technique r studying the source j3f chan^^^ in credit hours taught by three 
colleges, of the University 1971 to Fall term 1976^ 

the analysis of Credit Hour' Ehahges ' ^ ; f 

' e.qhsi.dered from the standpoint of a total, u^^^^^ th^re are two ; 

possible sources of change in. the number:..of credit hours tpught^^^ 
variation results from the combined effect of changes in. headcount regis- 
tration and changes in tne mean number of credits carried per headcbunt 
studfnt, . If the analysis is focused, bh a single college, or departmeht, . 
however, a third :Sotirce of variance, the proportion of its total credi1|s 
which a given group of students takes from the teaching unit under- study, 
is introduced, _ • - / ' 

- ' It should |)e rioted that the analysis discussed in^this: paper is con- . / 
cerned with the sources, riot the causes of variance i to know that the 
principal source of a decrease in credit hours taught is a d^creaise. of 
students registered, in^ the college will not explain why fewer ^students are 
registering in th^ college; if loads have risen iDecaiise non-maaors aire 
taking more of a department's courses^ we still\have -not. established a 
causal expTariati on for .that "fricreased interest. - ' . ^ 



ERLC 



__L ^_ __ ^ Jis*^^*. __ , 

The sources of. variance, Jidwever, can^ freqjiently be: of great po.licy 
interest and ^ for causes rnore. effictent. .FrequefitTy?- 

teaching iihits as well as administrati^^^^ officers^arfe uriaw^ the true 
sourees of variation in teaehirig. demand. PI arwiing regarding cur^ctilar , 



/Structure and recruiting may take entire Tjt different directions if the . 
; ' true nature and rel^ti ve- strength of the- vari ous proximate sources of 1 oad . 
changes, are clgarty under^toSiif v , . ' 

the mechanistic sources of l^ad c^ over any. tifee period are three: 
ehrQllment, meah^Toedj/and proportidn of load carried in the urii^t being 

■;. * I - ■ .. . ■.: . ' .:'._■'*■.■. ■ 

studied.-,' These* three mechSMstic source? can, .1^ turn, be studied in rela^ 
tion to yaribus^s^^^ populations as; e.g., majors in the home department^ 
iion-fflajdr' students. in the home cpllegei 'and- all other the Uhi- : 

versity. These particular pdRulatior^s woulU yield nine loa^' changes. In 
tabular-form we *eouid represent t^jis ah*alysis as: follows: . " - ; 

Enrollmen t; ^Mean Student Loa d Proportion of Loa d ; 
Majors . ' ' - - . ■ . - ■ ' - ' ■ * ■ , ' •; 

Collegiate Non-Majors . ' ■ '• - —r . ' ' ■■■ - : . ; : 

All Other Students ^ ' . ' ■ . • . " : ' • 

Each ele/nent in the table is the thahge tn credit hoars (posiHye or rj^^aT • 
' tive) associated with the' load and population factor in the particuTar 

----- 1 ^ -- ' ■ ... > . . 

column and row*. The sum of all elements ^is equal to the total chanfS in. - 
credit hours in the unit under study. 
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^. t^^^^ theory," indefinitely expansibj^ in^^f^^ student 

. .groups. If the data are available, e.g., in place of majors and twa^ classes 
j . of noH'^-niajors , one' could hav^_^ch separate fnajof Within the uriiyerisity, of " 
<A each separate col lege ; these cbul d be separated i htb real e and fenial e students • 
■j or by studerit^vel of both; 0ther student population groupings which are 
;. ' of analytic iriterestjjay be used, as long as the set pf population groupings •; : 
.; defined includes all students wfji^o. take course work in ttie teaghing unit under 
study. While tjie discub ion which fdllow^^ total student credit hoofs ' ' 
and students classed in two groups, 'a 'college's o^^ otfier 
university students, the fonnula? are- read^ to more complex j J- 

analysis. . * , " ' - v ^ * ^- : 

■ . ' m'r-. ' ■ ' y ^ . ■•■ " 

Th^ method to be, descri Bed .can be usejd to analyze changes over any time 
• period, subject ortly- to data availability. Differences between Fall» terin • 
MvA Spring term may be of interest. Trends oyer a period , of ye^^^^ 
be revealing, particularly when compar^ 'to parallel /trends in other . teaching 
units; ' . 

* ■ • . ■ tt ... 

• . . ■ . ' . ■ _ ■ . ■ ' . _ ■ ji _ 'f-- ■ • . ' ■ : 

Fohtmias to Compute Sdurces of Credit Hour .gharige y. \ ' 

Let: E^^;= Headcbtiht enrol Imeht^ b^se period, stude ^' 

' . " _ -_ __•'*.-■•■■/>•.■ ■ ; ■ . • 

* _ E^^ = ^ R^eadcouht enrol lment,V ivth period, student ^s 

L-i^ ^ Mean credit load, base period, student set ' ■ ; ; 

----- - _»...■..■. . . ............ . ♦ ■ w " 

Li^x = Mean credit load, i?th period ^ student set^ x. ; A * 

pix = Proportion of. total crfedits^ ta|:en tij^^tte . • 

being analyzed, fc^se periqd, stua^t set x. ■ ; ? 
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piirx. =' Proportion 0^^^^^^^^^ tak^h in the' teaching mit 

^ being- analyzed* Nth pjeriod, student set x. v. 
Cix = Credits taught to set x students, base period. ; ; : 
qnx ^ Credits taught to set:x students *, iffth; period. ..V 
6 : = biffereaee in eredits taught =. |C^^-C-^^| . v ^ i 

= Credit change attributable to enrol Tment change. 
jL^ = Credit change attributable to load change. 
V T^' = Credit change attributab proportion change. 
.R^ ^ Percentage ef fect attribu to en rol l men t change. 

= Percentage^ effect attributable^td Ipad change. 

' ' ■ •■ • ' • ■ * ' " 

= Percentage effect attributable to proportion change. 

^ • ■ '■ . ■. ■■ - - ■ . ' ■. - ■ ^' ' . 

Then in the simplest approaGh;4|kv 



(1) TS^.= 

(2) JL - 

(3) ; = 



ENx-Elx 



pNx.pix 



(CJx+ti+fi) 



(6) RE , ^ 



(7) Ri' = 
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This first apprdacH^ suf.fici^nt for many practical . applica^^^^ 
is oversiiiipTifred and m&y produce misleading results. It will be^seen 
that T^s t^s and might be determined in different drders^~_^^^ cdUldj-. 
..e.g-i-ealetilate T^' first as pjy CCiy).vin whieh ease the two fdllbwirig 
equatfbns are altered. The ^val:tie<' of wilT be different if it is com- ^ ; 
pdted first th^ compujtS,^^^^^ U there is no apparent reason to • 

[jrefer one order of -c6mputa^;im ; . ? . . 

The underlying prdblem is tKat tnere are hot three but seven sources 
of change 'which are schematically repi:^seht€d '^^^ , 
To simplify computation, " 



"1 



1 . Lgy-U:^. 



I:' 



Then: 

(8) JE ; ^ eU^) 

{9) . =1 ( eJj^) . ^ ; . Primary ef f eeti » tnpdi f i ed - by 
(lb) ^ P(C^^) 

(11) T^i = el(C-i^) ^ •: \ - ■ - \ 

.(12) T^^i^ - W(Ci^)- 



fl/o-way 301 nt effects ^-inodilii^d by *■ 
|^£P ■ ei p(.e^>^) } ' -Three-:w5y 'joint effect^:^ 
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Scheitiatic Repre'sehtation of Sources 
of Ghahge in Credit Hoyrs Taught^ 



■ V - .- «•*;.. 



_^.it3t> effect of 
enroll men t 'and load 



Primary effect of 
"Credit load-; 
' change ' 



Primary effect of 
enroll merit- change 




£LP >. 
Th ree-way effect 
of the primary 
"^sources 




dbiht effect 
©f loadand 
. py^oportipn 




i: 



Joint effect 
.of enrollment 
aad proportion 



A 




Primary effect of 
change' ;ih prppd'rtion 
of 1 bad takeH in the 
teaching uriit 



v^. ■ 1 ■ .. 
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>' ; It. isS pbs-Si^le to produte; equations that* Woiild - 
effects to the primary effects*; Howeverr^ ^Tt 

•such efforts are cqnceptually ijn§atisj^ing_sin(^ the effects are 

truly dependent on the interaction of more thari^ bri^ cHarige in the^prim^ 

^: _ :...■._■---<;,••_■/'-■.• ^ ■ >■ ' ' 

, measures. Furthermore, the credit hotir" value of a joint effect some- 
times'be greater than. that 0 one of the priniany effects. Allocating ^;yie;f 
joinB\ef fects; can produce analytically.Wsleading infortnation in sonie'cfses 
ythus We . prjefer to 'State -al 1 seveti ,s^^ of CKange separately.* • . ; . - • 

Ah ExaiTiple bsihg Sel^ctfixl^^EoT at , the .University of Minnesota > 
This section analyzes^^^ load changes from 

• Fall tentu 1971 to Fall^ tepm/ 1976 for tR&^.co^pes '^^^^ Lib^fkl j\rts > I^ch- 
rncrlbgy, and Idueation at the University ^jf^;« teaching 



unit the student sets: analyzed ar^, studeHts'registere^ sricl - 

all other 'studen^^^ the\Jwin Citifes campus of thelUniversitj; Of Mfrln^^ 
the two figures for headcdu^t'enra every case ;io^tB'e tb^^^ \' 

fry..- ■- ■. ■■.\:. ^ - ■ •■ ^' ■. ■ ■ 

ment /for' tK at term. ;. ^ ; . * ' . . : v . ' -^^ 

;*?rable 1 displays the cbrtiputatiohal data. • TH^^ credit ho&rs s^H^^^ dre ' .// 
; tho5e^?taugfit-4)y 6a^ m?bl|) merit unit to ip^owh/studepts ahd;^ ail othier ■ ' 

students^- The mean credi^t load 'data show the a verag€^ number of all credits . 

tftken by the students in .§ach set (nots. i^t should be noted the rflean load ■ ' / 

taken in; the -teachirig. Qfiit. ^ th^ latter data are^added in the .fbllpitfih 
• lines; in order tb prbdate the prbpbftion taught withiH^ the vteaching u^^^^ by : 

diytdip^ total credit l6ad\ meai^^edit Idad in 'the teaclii^ ■ 
^ the: .chahge :| p) cul ated f or ^e^ch of ; thfe^^sl x stu^ sets ^ 
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Credit Hours Tauglit,' .1971 (C^^ 
Credit Hours Taught, 1976 ^f^^^ 



Educatio^-^- 



Liberal Arts 111 Other Tech^ Edueation All Offler 

Students Students 



.Headcount Enrollint, 1971 (E^^j 
/Headcount Enrollment^ 1976. (E^^) 



•ReanCredit Load, 1971 m 
'Mean Credit koaft 1376 fW, : ^ 

Jean Credit Loacl vn College, .1971 
Jean Gredit load in College, 1976 



MM- 

:i7,50l' 
17,220; 

14.19 
-1 3.03 



.20 
.9.15 



Proportion in College, 1971 (P^^) : .789288 
Pj:.opoption in Collegfe, 1976 (P^^) .702226 



1,03? 43,515 
55,781 45,205 



25,560 
28^568 ■ 

12.37 ^ 
12^33; 

2.58 
1,95 ' 



3,938 



14.47 
13.58: 



10.97 y 



in; 
in: 
in 



.208569: ;763649 
.158151: ■. '784692 



ie)'s016Q56 't.ll?684 vt:046?24 :: 
(1) -.981748 -.tei ' -.933853 
-,24173.3 +,02?556 



51,699 



■ 39,123' 
,'41,666 

12.97 
12.45 . 

1.32 
,1,45 

.101773 



21,141, 
19,377 

2,851 
2,764 



16,647 
15,030 



40,210' 
43,024 



T3.12 13,1) 
19.25 ^ 12.74 



.7.01 



.565549 ■ 031579 
.683902 1.027394 



:t.065O00 -.930516 ■.*.069983- 
-.940993 :' -.218759 ' -.928223 
+.144370 +.209271 ^ -.132525 



Table 2. displays ^the results of the sourc^^ 

- - - _ - ^- _ • -- - _ _•.._.•,■«■- ^ . ■ .._ 

using the method tdiscussecl above. Sources of chjange are shown in absolute 

credit hours ^rid in terms of percentage of the total eharlge.* Each of the- ' 

* • ..... ' • 

__ 

sets of' credit hour calculations should add to the absbl ute ^change, in eredit- 

' hours taught and each of the sets of percentage calculations should add 

: either to -^^^^s^t T^lpg%_ if no rpMrjiiing.er^^^ 

ceritage--^hbwri is to 'be interpreted as the effect on 'total ^it^dit^ 

ToSd'of th^t iource dn^oSbinaticiH^ sources qf xhange if no tither sotR^ce: ; , 

of. change were operant. Thus the sum of all change vectors will be +100%; 

where credit, hours have increased and -100% where they have decreased. - 

The results show various patterns. TJie drop |n^biberal Arts load 

stems mostly from the tefidency of both its own. students, and other students 

to take. more of their work elsewhere. The uncritical assumption that_ 

enrollment decline was the main source is not sup^jorted since the effect 

of headcdunt decline in Liberal Arts is more than offset by increases else- 

V •■ ■ '■ ■ ■■. . ■ ■■ ■■ ■ . ... ... : 

where. > • . v 

The increase in Technology teaching load follows from headeounF in- 
creases both within and without the college but more significantly from the 
tendency of all students ^ but particularly vnon-Technology students, to take 
more work in feehnbldgy as opposed to bther colleges. The. sugg^^^ is 
that the cdrricdlum,. or perhaps the teaching quality, in Technology has - 
become more attractive. There are, ;of course, other poisiibilities. Has 
grade in^flation played' a part? Is Technology teaching courses which are * 
close competitors with the offerings of other colleges? Are' the.offsettiifg 
changes in Liberal Arts and fechnblbgy related? The.merit^ of the technique 



■ ®^ ^ ' . Sources of ()fian^ ; . 

- ./ ' ' .Selected Units of the Univ^^^ ' ■ ., 

■ ' ' ■ ■ ■ ' ' ■ . ■■ • '. ■ ■ ■ ' ' • 

■'V, : Fall TermJ971 to Fall Temrl9J6' ■■ - ' •, f ■ 

■ ■ ■ ft'^vv ■ -■ : - ■ . ■ . / ■ . . ■ , ; ■ ■ ' . • ■ '•■!■>'■ 

. "r |,. ■ ' ' ' -^ liber al i^s, . ^ Technology ■ ( E dacatim ^— 

. ■• . j:;:. ■ , Liberal Arts ; All Mer" Technology; AlVOther Education All Other 

,J ;?; ' , . / Students . Students " ■ Students " Students •. Students Students . . 

Hour unanges ftttnDutaDie.t?:. . ■ :': . : 'i ' vv" ' ' ' " 

r£) -3,146; +'7,771 + 2,033: +3,360 •- .645 + 1,165* 

, Primary Ete of Credit toad -16,0ir , .,21i ,-.l»474 . , -.2^ - 4,625 -■ m 
. Primary Effect of Change in Proportio^^^^ ■ \ ' ■-^■\ ''' " <• ., . 

iri Colleie ' . ■ ' ' m ^21,612 ■ -15,96a' + 1,199 + 7,464 + 4,425 - 2.206 

Joint Enrollment and Load Effect ' {P] : + 257\ '-. '25 - '69 . ■ -, 135 +141 - 33 

Mnt Enrdllmehtand ProFtidn'Effect (F) :, + •■34r -1,879: + 56 + 485 r (35 ' - ■154 ' 

■ doitit Load and Proportion Effect ' + 1,767 + : 52 - 41 : - . 299 ' - 968 + 62 ^ 

■ Three-way doint Effect . - : [T^P) -, 28 ■ + 6 ■ - 2^ ' v .19 + 30; +- i: 

Percentagpffect Attributable to: ■ . ■ ■ • ' .' ' ■ .. .. ^' 

(ij ■. ,- 6J +,16il' :+. i9;2^ 

'[R^j .- 33.0^ . - ■ ' .4^ - J4.0^ - 19.6^ ■ - T36*8| -SM. 
in Col lege Change •■ ■ (R^j . - 44.5r. .- 32.1 +'llj. .+ .70.7r + I3(j.9r 65.21 

W^] +■ \M - .n ' ■ .n • 1.3% -+ '4.21 - .Lot 

+ M ■-■ 3.91 + '.51 ■+' -4.6^ - 4.01 - 

+ 3.6% ■+ .11 - A - W. ^ '28.61 ;+ LI 

'^^ - . ■ - .21 ■+ .9t +.::ii 

; • •• • • ' ■ ;.! : .-100.41. V; ; V ^& ' ■ ' -lOO.S^y ' 

■Tiie.,sui;of the percentage changes vary slightly, from 100^ becduSe, of foundings in the mean credit 1 oad ; figures; ;: •■ 
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discussed here is in making the search for; the undei^lying causes* of; " : 
change a rnbre efficierit -process. Note that more detailed analysis would' 
reveal which colleges' students are finding technology courses 'ffidre.atr^ 
tractive ariiffto what degree. v • ? *^ ■ 

In Education a decline in proportion of Education credits taken by 
non^Education students is overwhelmed by an increased concentration of 
coLirse wdrk* within the cdllege by its own students. ;.TIie malor l^ 
bri thfe overall decline is the >%hjarpl^ decreased tdtal-eredit l©ad of Edu- ^ 
cation students. • The pattern ctF change sources suggests a sha?p shift from 
traditional undergraduate full-time 'teacher prepar^ation toward ser'Vice.to V 
part-time. students whose interests are narrowly concentrated dn courses ' 
within, the Gdllege df ^E^ucation. The inference is that th^'custdniers df ^ 

■ ... . ■ : - ■ - .^frr:^ . ■ ■;■ , . . • ; 

the Education college are increasingly iri-service tea-chers i^ekihg maihte^ 
ahce and upgrading of theirvSkills. This suggests the Rossfbiaity of, * 
further source of change analysis.vusi>g separa^'s^ those ' 

■ • * . *• * « , 

Education stuctents with and without teaching certificates* or the Bachelor's 
degree in Education^ . ' • . \ ' ' i ^ 

Bohclusioh / ^ * • 

Source of change analysis offers a techn^ue^^for qSick isolation of 
the mechanistic ihfluer\ces which^lead, td enlrollment change^ahd the assess- 
ment df the relative si-gnificance of each. -It is a general izable methdd < 
whibh can be applied to virtually atjy time span dr se-lect.ibn df student; 
sets for which the underlying raw data are* available, it is readily 
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^adaiptabliB to editiput^^^ progratong and with minirjial additionaT- effort 

time series showing trends, in the ihfluehee of the various ehahge sources" 

on selected student sets can be produced. ^ 
^ /i Careful and selective use of source of change analysis has the 

p'otential' to eliminate expensive and time, consuming survey research or*^ 

at least to disclose where 'the latter may be most efficiently employed. ' 
iWftat students do is^freqtikntTy more revealing arid more dependable thari 1 
' what they, say and di rect behavioral bbseryatio^,' wfifre i t "|s fi'^|^'^ 

shjpuld always precede, and sometimes can r^epl ace; less objectiye. approaches. 

.As competi'tia increases, in the ccping decade jvunder- 

'Staridirig'of the patterns of student choice 11 becbme increas critical 
"tb*maintainirig volume and understaridirig iriterrial eonipftitive patterris will 
-be important to control li^^n^^ arralysis offers a 

pri-mary approach to the i'denf i f i cati on of probl ems ^ and opportuni ties . 
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Footnotes ' . - 

.- . ' f- . . . - • • • ' • ■ ■■ ... ■ . 

The teaelfirig load to be studied can be expressed 1n credit hours, weekly 



: student' el a^s» hoyrs^, course registrStions^ or any btber^ stUiifeht demand measure* s 
for which data is .aVailable.. Vacibus course Teve.Tsv can- be sipa^^ 

As a practical matter^ extrenie disaggregatitin can lead to mathematical ' 
]' complexity and episbdal-re may. cbhceaT ra^^^ eiueidate trerids^ 




